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The Tevatron Collider

@ Operating at presently
world’s highest particle
energy collisions

o Currently the world’s only
top quark production

[—

machine

o Two multi-purpose detectors ReasaaiEs e

o Run 1 (1992-1996) X" Teyatron
o [s=1.8TeV Sl 5 -,
o Integrated Lum ~110 pb-? p soufce v a

Main Injector

o Top Discovery! & Recycler

@ Run 2 (2001-present)
o / s=1.96 TeV
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Tevatron Performance

Collider Run Il Peak Luminosity

o Record Initial Luminosity e
2.9x10% cm?s"” g son #3 ... E
o Luminosities above 2x103%2  § -
cm2s'are now common = LT
o Expect initial luminosities ™l A
year e —
Year2002 2003 2004 2005 2006 2007
~3 l\(/)ltznthll 4 .7 10. 1 4| 71.01 4. 7 1.4 7191 7];0 ,
=
o Integrated Luminosity per Zisoof
week ~ 50 pb-1 (a half of -%2"""‘
of the Run1 dataset) 51500
51000
- -1
@ On tape ~ 2.7 fb ool —
@ Aim for 6-8 fb-' by 2009 ol

1000 1500 2000 2500 3000 3500 4000 4500 5000
Store Number
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Tevatron Detectors

Inner Silicon Precision Tracking
Tracking Chambers
Solenoid

EM and HAD calorimeters
Muon Detectors

© ¢ ¢ ¢

Ceptral Muon
Wall Calorimeter (H)

Plug Calorimeter (E/H)

Forward MuQn

==
Forward Calorimeter (E)

Luminosity Monitor

< for ewk and

All crucial

top physics!

e
=
\

Central Calorimeter (E/H)

Solenoid

Time of Flight

entral Outer Tracker
Silicon Vertex Detector

Intermediate Silicon
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Production Cross Sections at

Tevatron

@ Cross sections for various = Total inelastic
physics processes vary over < 16?
many orders of magnitude g . mb
R 10" bb
v 6x10°
@ One top pair produced every S
100 inelastic collisions 107 rub
6 w 4000
o Physics processes of interest b > 400
buried under heavy 1610
backgrounds tt
1012W 0.3
@ Need good rejections factors, o
event selection, analysis 10 Higgs (ZH + WH)
strategy ] fb

100 120 140 160 180 200
Higgs mass (GeV)/c?
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Inclusive W/Z Cross Sections

CDF and DO Runll Preliminary CDF and DO Runll Preliminary

H/
*D0(e) = @ DO(n)

Runll EDO(t) ® CDF(p)
ACDF(e) m CDF(1)

#D0(e) O DO(u)
ACDF(e) [OCDF(u)
N T N

pp— W+X = 1v+X

PP — Z+X — Il +X

llTlllTllIllllll

i

ﬁ

* DO0(e) ® DO(p)
Runll ACDF(e) W CDF(u)
YCDF(1)
Runl  *DO0()  ©ODO)
ANCDF(e) O CDF(u)
| T T T T T T B |

Runl

IIIIlllllIllIIIlI]lIII ]IIIIlllllIllIIIlI]l 11
1.75 1.8 1.85 1.9 1.95 2 2.05 1.7 1.75 1.8 1.85 1.9 1.95 2 2.05

Center of Mass Energy (TeV) Center of Mass Energy (TeV)

IlllllllIIIITIIITIIIIIIIII

Illlllllll

~T

Measured in all leptonic final states (W->ev, uv, tv; Z->ee, uu, Tr)
Good agreement with NNLO calculations (Stirling, Van Neereven)

Measurements are dominated by luminosity uncertainty ~6%
followed by PDF ~2%
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@ W mass is a fundamental parameter of SM o P T oy
¥ \2G, sin6,,(1- Ar)

o Radiative corrections to M, depend on M., and M,
@ W propagator includes H, tb, hypothetical new particle loops

w

2
Am,, < Inm;,

2
AmW : mt Mmm

o Precise knowledge of M, and M, constrains My;q.
@ With ultimate precision also sensitive to possible exotic radiative corrections
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W Mass Measurement

o Detector Calibration:
o Lepton Momentum Scale

o Internal tracker alignment with cosmic rays

o Curvature corrections from electron-
positron E/P difference

o Calibration with J/¢,Y — uu
o Cross-check with Z — uun
o Lepton Energy Scale
o Calibrated using E/p electron peak
o Cross-checked with Z — ee
o Detector Material Model
o Mapped energy loss and radiation lengths
o Calibrated to data
o Recoil Response
o Calibrated with Z balancing
@ W mass obtained from fits to lepton E,
missing E; and transverse mass distributions
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CDF Il preliminary I L dt ~200 pb'1

Aplp = (-1.376 + 0.064,,,) x 10

¥*/dof =26 /18

I Y —pp
L *+++*++
| + +
- +1’++" + .
_I | |
9 9.5 10
m_ (GeV)
CDF Il preliminary J L dt ~ 200 pb™
>
- Sg =1+ 0.00025,,
vAdof =17 116
| 1 1 1 1 I 1 1 ) >
1 W
E/p (W-ev)



W Mass Result

CDF Il preliminary L = 200 pb" CDF Il preliminary f L dt ~ 200 pb”
>
m+ Uncertainty [MeV] Electrons Muons Common e - H A
Lepton Scale 30 17 17 SO fat
Lepton Resolution 9 3 0 5 - + U
Recoil Scale 9 9 9 s oo }
Recoil Resolution 7 7 7 . t
u, Efficiency 3 1 0 i
Backgrounds : 5 0 001, My =(8034 +.4,) MoV
pr(W) 3 3 3 - »2/dof = 59 / 48
PDF 11 11 11 |
QED 11 12 11 %OW‘-—. — 100
Total 27 m.(u) (GeV)
- (t o4 CDF Il preliminary J’L dt ~ 200 pb”
Total % i +
%; 1500_— H ;
— E i t
M, = 80413 + 48 MeV T ITRP
80413 * 34 (stat) * 34 (syst) ooy e
. . I = (80493 = 48_,)) MeV
Single most precise soof £ ‘/d f 86/4; °
L XZ o =
measurement to date! i
hep-ex/0707.0085 % 70 B E—

100
m.(ev) (GeV)
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Direct Measurement of I,

R DO Run Il Preliminary a7z Ir_,h-1 ) CDF Il Preliminary ( 350 pb™" )

3 E .  Data = - Iw = (2118 = 60) MeV
~« [ . — MC+Background O Lo L2Idof [fit range] = 19/21
a I . iBackground "\:, = +2Idof [full range] = 32/29
§ F : : . : € f
o E high M, tail contains L 10°L = W—evdata
B . . L = W — ev MC + bckgd
<L information about I', = - £ bekgd
S 10 |
10E 10 ;—
B

I< fit region
| '} i 1 1 ‘ 1 1 ') i
100 150 200

L 50
200 M, (ev)(GeV)
CDF Run Il Preliminary (350 pb-1) .
ATy, [MeV]
Electrons Muons Common
FW [Dz(e)] = 2011 i 142 Mev Lepton Scale 21 17 12
Lepton Resolution 31 26 0
+ — + Simulation 13 0 0
I',, [CDF(e+u)] = 2032 £ 71 MeV simu s o
Lepton ID 10 7 0
. . . Backgrounds 32 33 0
CDF’s Result is the world’'s most precise P ’ Tz
single direct measurement! QeD 3 1 1
W mass 9 9 9
23

Total systematic 78 70

Statistical

Total
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[MeV]
@ . '
CDF Run | 80433 + 79 2231+ 172 | L gg F(R:SIN1: 90pb "
D@ Run | Py 2050+ 130 (RUN-1) oo
80483 + 84 2011+ 142 i DZ (RUN-2)*  1a0pb!
DELPHI ——
80336 + 67
L3 —— 2032+ 71 —a— CDF (RUN-2)* 35000
80270 + 55 2036 + 63 —a— CDF (RUN-1,2)*4s000"
OPAL
80416 + 53
ALEPH —— 2049 + 57 —r TEVATRON*
50440+51 | 2196 + 84 —a— LEP-2*
<’Cﬁ=—RtTn I —e— S
H__._Lﬁi%/ 2095 + 47 SM World Av
World A ot . o
orld Average 80398 + 25 ydf ef':.y?..1.........1....n....u....n...'.?re"mmary
' ' ' 18 19 2 21 22 23 24 25

| | |
80100 80200 80300 80400 ) 80500 80600
W Boson Mass (MeV/c?) Ty [GeV]

With new CDF’s most precise single results:

M,, : 80392 -> 80398 MeV T\, : 2139 -> 2095 MeV
AM,, : 29 -> 25 MeV AT, : 60 -> 47 MeV
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Z Boson Invisible Width

o Interepret the result of no excess

in “monojet” + large missing ET
10°1 — Data extra dimensions search
~ SM Prediction
E ol CDF Il Preliminary (1.0 fb™) T, (inv) = o (Z+1jet) xBr(Z->vv) x T, (Il
= o (Z+1jet) xBr(Z—>11) X
§ 10 LEP
&
1 f
e TR T B e S ahe Experiment ||I'(Z -> invisible) [MeV]
Missing E, (GeV) CDF 466 +/- 42
53 498 +/- 17
OPAL 539 +/- 31
ALEPH 450 +/- 48
I'; iy, = 466 £ 42 MeV LEP Combined 503 +/- 16
LEP Indirect 4990 +/-1.5
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QCD Boson Production
and Parton Distribution Functions

0.01

o = 3,,/dQ 8(Q - 2E N )fdx. F.(x Q) fdx, £,(x Q) o(Q)

@ Parton momentum

/V '\ fraction within the proton
K K f Calculable hard qepgnds on quark type and
is different for valence and

Sum over Kinematic Parton distribution  scattering cross sea quarks

guarks, gluons constraint functions section
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% W Charge Asymmetry

. e’ W boson exhibit a production
d W+ asymmetry due to the
u ! different PDF of u and d
I quarks in the proton
,'Ve
14

Measure a lepton charge asymmetry, use the
W mass constraint, weigh solutions based on

@ W production mechanism (do/dy)
o V-A structure of W decay (1+cos0*)?
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rapidity

—&— e+ pseudo-rapidity

0

1

2

3

generated rapidity [y, or 1]

2 o02f > T B E
r - D Z RL nll Prellmlnary -oq-s 0-72 CDF Run Il Preliminary J' L=1fb 3
E 0.15 C oo i E E —e—— 1 fb' data(stat. + syst.) B
E. - «9Up £ o.6f NNLO Prediction(MRST2002) ... —
2 C > E |::| CTEQ6M PDF Uncertainty Bai E
(1 s S ] S TS VS — S ———— . -

- P << *% E

0.05F // QE’, 0.4f -
:/,'/ / & oasf <% .

oF s o 3 ]

- RESBOS-A + CTEQ6.1M \ = 0.2f =

-0.05 = MRST02 o 15 E

- pp — W —uv ) ]

_0.1 _. - s T e e T e T e T 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 (b 0.5 1 1.5 2 2 .5 - 3

W rapidity

rapidity -
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CDF significantly increases sensitivity to PDF by
reconstructing W rapidity directly with a
weighted iterative procedure

\I'
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Drell-Yan Z/y* -> ete-

do/dy Differential Cross Section

DO, 0.4 fb"
L Z/vy* Rapidity

> > . M :
2 03 - CDF Run Ii Preliminary with 1.1 tb”
S ¥ D@ Run Il Data 70RET RO SO S SRR S,
© -
- r — NNLO, MRST '04 PP SR SO A ¥ SO A S S
0.2 E B0 [eer R
R PSR~ GHRS NS NN S W S S
L g
i v %
0.1—
- 20
R -+ mea3uredc(no lum. unoertamty)
- PRD 76, 012003 (2007) 10: Nttomilil?fe;:(r;;ilctlon scaled
°0||||0.|5||||1|||||1.|5||||2|||||2'|5|| 3| oo_'"'025""'11""1:5""zl""z.s' 3
Boson Rapidity

Boson Rapidity, |y|

@ Measurement probes the small x, high Q2 portion of the PDFs
@ Good agreement with theory
@ Measurement can be used to constrain PDFs.
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Drell-Yan Z/y* -> ete-

do/dq; Differential Cross Section

DO Run II preliminary, 0.98 fb”

D@ Run II preliminary, 0.98 ! = 1.5
N : § - ResBosPHOTOS, g =0.68
S ——— ResBostPHOTOS g 0.6 = - :
& 0 ; 1 NNLO calculation, Z q,>30 GeV
= DO Run 11 data E’ i
S i
% = 0.5
L. = ) thy
) g - o4 }
g é O H e e * 'i'ﬂ'ﬁ*ﬂ'"'“ﬁf?‘#% 4
c""- 0. : i
g i
© -0.51
=1
L R
= 0. -
- _1 __
D_IlI|||I|I|II|I|I|I|||I|I|I|I||| . il ) Loyl ) Lol
i 5 10 15 20 25 30 -1.5
7 q [GeV/ ! L0 oy
q, [GeV/c] Zq, (GeVic)

o At high-g; ( > 20 GeV) dominated by radiation of a single parton
described by perturbative QCD (NNLO)

o At low-g; reliably predicted by soft gluon resummation (CSS)

@ The parametrization of Z boson g; spectrum used to reduce
uncertainties in the W mass measurement J. Collins, D. Soper, G. Streman,
Nucl. Phys. B250 (1985) 199
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Dibosons / WW Production

@ Probe non-Abelian nature of SU(2),®
U(1)y via gauge boson self-interactions
(triple, quartic)

@ The Tevatron (ppbar) is sensitive to
different combinations of tri-linear gauge
couplings than LEP (e*e’) and explores

higher s g W.,Z,g
@ Intermediate step towards SM Higgs _
searches qq —= W* — Wy : WWy only
I ODF I Preliminary (625 ot -, .
§ 25| hep-ex/0605066 Cww 4 = W* — WZ : WWZ only
:..g 20f ‘H» =:?Z+ZZ ] qq — Z/Y* — WW : WWY R WWwWZ
s | Owr _
(1] 15;— [ODrell-Yan ] qq — Z/Y* — ZY : ZZY : ZYY
10} ] -
5 WW : 95 events | qq — Z/'Y* — /7 ZZ'Y , 117
ol 4t +
0 20 40 60 80 100 120 140 16 1[?;%\2,:('}0 Absent -in SM

O ww = 13.6 £ 2.3 (stat)
+ 1.6 (syst) £ 1.2 (lumi) pb In good agreement with NLO theory: 12.4 + 0.8 pb
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WZ Production

s-channel provides sensitivity to WWZ vertex coupling

@ CDF: Increased sensitivity due to significant improvement in
lepton acceptance

o D@: Use Z p; distribution to set tightest limits on anomalous
couplings

CDF Run Il Preliminary j Ldt=1.9 b’

— o, 104 on S
2 180 DD Preliminary - = Region: Signal . Data [Dz+jets
S [ 1fb-1 ’ | % Candidates 8 . Jwz Ozz
wheo " 1O Rejected Data = 8| 25 candidates azy Wt

N ' o A
'§140_— ’ DWZ Monte Carlo -g ( BG ~ 5‘2)
£120§_ E.!Bai:kgrciund. - . La>|j 8 Slgnlﬁcance > 6 o

C - =« - - . 13 candidates 4 ‘ ‘

; ¥ L (BG~45) - il

s 0 . 2, —

- : .Slgn}fig nce 3.0 o E ] |

:_' = = ke 10 20 30 40 50 60 70 80 90 100

C * = - MY [GeV/c?]

iy Oy =

re) - . .. — +1.3

D: -I TPT R B OWZ pr 4-3 = 1.0 (Stat)

1007720140 160 + 0.2 (syst) £ 0.3 (lumi) pb

Invariant Mass (GeV/c?)

In good agreement with NLO theory: 3.7 + 0.3 pb
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Fun 208254 Evt 35162371
Trggers:

J. M. Campbell R. K. Ellis

@ NLO: 0=1.6 +0.1pb PRD60 (1999)
@ D@: 1 eeuu candidate, expected ~ 1.5:

0 (22) < 4.3 pb (95%CL)

EEE”?;‘;’ 0 :‘, . s paricks ot 19,02 CDF Run Il Preliminary [Ldt=1.1m"
Mak: 288 i saroce o 256 p- 3 i «data [t
e samiche et 3216 ?_- DZZ .W'Y
. ©n 10° Owz Ow+jets
@ CDF combined 4l and llvv channels: 5 Bww Oy
o CDF: Observed 1 eeuu candidate; - Likelihood ratio
expect ~2.5 for Itvv

10

+1

e Significance > 3 o

14 ——

0(2z)=0.75 1 pb

-0.54

0O 01 02 03 04 05 06 07 08 09
LR (ZZ, WW bkg)
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% Wy Production

D@: Radiation Amplitude Zero

Due to interference of tree-level diagrams the angle

= Standard Model MC

Anomalous Coupling MC: k=-1,A=0

between W and incoming quark is

cos(6*) = -(1+2Qq) = +/- 1/3 o
Measure a dip in Niepton oo

In the alternative model a set of anomalous WWy

5

<&

1
=0

couplings produces a zero magnetic dipole moment for W

CDF Runll Preliminary 1/fb

- Ao
(Lepton Charge)‘(ny-fnl)

CDF Runll Preliminary 1/fb

s wk S
’l.f? B 8 E « Data 908 events 3 = Data 857 events
N L ®  Background Subtracted Data 3 E F L IWrewy e E Wy vy
8 - 2 g %::19:&7 % %;‘:’j '
2100 Standard Model MC g :,: 10 W :% T
o | ) [0 o =]
> Anomalous Coupling MC (x=-1,A=0 | > 5 5
w B 0o 2 . o
80— I ~— £ E £
L . 2 F Z
L (7]
: g
60 — =1 'E
L (/2]
B [= 10 L
w0l ] £ :
= : Q E Lo s 11 T A ' T
- = 0 20 40 60 80 100 120 140 _1 1 20 40 60 80 100 120 140 160 180
. —— ' @ Photon E; (GeV) Photon E; (GeV)
= [l e
L | @
0 E# I & +
| ) 11 1 1 | 11 1 1 | 11 1 1 | 111 | I 111 | I 1111 I 111 | | 11 1 1 | 1 1 q ] =
Q*An
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D Zy Production

@ SM: No Triple Gauge Coupling at tree level 7 S
o D@: Set tightest limits on Zy anomalous couplings Zly
@ hyy limits surpass LEP
Y
3 E
‘% o°F ) DD 1" L 2 1y data - —_CDF Run Il Preliminary, 1.1fb" _
IE 102 I L T — Z+jet background 102; | Data ;
- — SM MC + (Z+jet) E DSM 7y E
10 3 -?E 10 ;— I Z+Jet —;
= T L) E 3
______ =] C ]
1= 00 T 5 L i
. T g E
10 W F ]
g hep-ex/0705.1550 - 1
B 10'L —
10-20 T 260 T 460 T o0 E541 100 150 200 250 E
M [GeV] M(eev) GeVic’

Ozy = 4.96 £ 0.3 £ 0.3 (lumi) pb Oy, =4.9% 0.5 pb
(E;,>7GeV, AR, > 0.7, M, > 30 GeV) (Er,>7GeV, AR, >0.7,
M

(1Y)
oy > 40 GeV)

e

In good agreement with theory: 4.7 + 0.4 pb
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Top quark

Charge

+4fz

7

Electren neutrine
Mass: 07

Electran
511

Mass: §

<]
Down
B

.
Muon neutring
0?

‘
Muan
105.7

Charm
1,500

Strange
160

Tau neirtring
07

C

—_—

To
~1so,goo

Mass in millians of electran valts

7, ~10%s, T~ (15GeV)" << A~ (200 MeV)'

@ Decays before hadronizing
@ Passes momentum and spin info to its decay products

HS'07, 3-7 Sep 2007

Andrew lvanov,

@ Discovered in 1995 at Tevatron
@ Unexpectedly huge mass

-9 Special role in
| the dynamics of
EWSB ?

@ Serves as a
probe of BSM
physics

UC Davis 22




Top Quark Pair Production and Decay

q
w’ —
q
b

g g Q11C1C1C) -
W ~85% 1 o ~15% i - i
NLO: BR(t ->Wb) ~ 100% TN
9 Oy=6.7+0Jpb @ M, = 175 GeV He-e(1/81)

Cacciari et al. JHEP 0404:068(2004)
Kidonakis,Vogt PRD 68 114014(2003)

B mu-mu (1/81)
Ctau-tau (1/81)
We -mu (2/81)
e -tau(2/81)
B mu-tau (2/81)
Me+jets (12/81)

@ Event Classification (by W decay)
o “Lepton [e,u] + jets” (30%)
o tt — blvbqq'
o “Dilepton [e,u]” (5%)

o tt — blvblv B mu+jets(12/81)
o “All jets” (44%) Dileptons Wl tau+jets(12/81)
o tt — bgq'bqgq’ [jets (36/81)

o “Tau+ X” (21%)
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o, Measurements

[ DG Run Il * = preliminary

Summer 2007
1 *
I+jets (b-tagged and topo) NEW 8.1 *09 +0.0 oo pb
910 pb™' -0.8 -0.0
I+jets (muon-tagged) * 7.3 ¥20 400 0, pb
420 pb‘1 -1.8 -0.0
I+jets (b-tagged) 6.6 109 *00 .0y pb
420 pb~! (Phys. Rev. D) -0.9 -0.0
I+jets (topological) 6.4 +1g +g._7, +0.4 pb
420 pb~" (Phys. Rev. D) e
dilepton (topological) * 6.8 +11§ +g.s§ 104 pb
1050 pb~' -
*
I+track (b-tagged) NEW 5.1 *1-6 ¥09 ;4 pb
1050 pb™"' -14 0.8
Il and I+track (combined) NEW * 6.2 109 *08 Lo, pb
1050 pb™! 0.9 -0.7
dilepton (topological) 7.4 114409 5 pb
420 pb~' (Phys. Rev. D) -1.4 -0.9
tau+lepton (b-tagged) NEW * 8.3 *20 14 o0 pb
1050 pb™’ -1.8 —1.2
tau+jets (b-tagged) * 5.4 *43 %07 ;4 pb
350 pb'1 -3.5 -0.7
alljets (b-tagged) 4.5 *20 +14 o4 pb
410 pb~" (Phys. Rev. D) -1.9 1.1
(stat) (syst) (lumi)
My = 175 GeV I cacciarietal 0404, 068 (2004)
[l Kidonakis an PRD 68, 114014 (2003)
Lo o vy w by P I |

0 2 4
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G (PP > tt) [pb]
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T T 1 T 1T T T 17T T 1T T
[ cacciari et al. JHEP 0404:068 (2004)
[ Kidonakis,Vogt PRD 68 114014 (2003)

T T T

*Lepton+Tra_§:k
(L=1070 pb ')

*Dilepton B
(L=1200 pb ')

'Lepton+Jets: Kinemat
(L= 760 pb™)

‘Lepton+Jet1s: Vertex T
(L=1120pb")

Lepton+Jet§: Soft Muo
(L= 760 pb™’)

'MET+Jets:1Vertex Tag
(L=311pb )

"All-hadronic: Vertex T

Assume m=175 e*V/t:2
CDF Preliminary

8.3+1.3+0.7+0.5
6.2+1.1+0.7+0.4
6.0+0.6+0.9+0.3
8.2+0.5+0.8+0.5

7.8+1.7 +'°+0.5

—0.9—

6.1+1.2+'4+0.4

—0.9—

8.3+1.0 +2°+0.5

o

(L=1020 pb™) —1.5—
‘Combined(old SLT,all- 7.3+0.5+0.6+-0.4
(L=760pb") (stat) + (syst)= (lumi
1 1 1 | 1 1 | 1 1 | | | | [ 111 T | 1 1

2 4 6 8 10 12 14

o(pp — tt) (pb)

@ Important indirect test of top quark properties
@ Testing non-standard model top production mechanisms
@ Top sample might contain an admixture of exotic processes

UC Davis
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Cross Section

in Dilepton channel

o Signature: high-P; ee, uu, eu, missing E;, > 2 jets

o D@: >1 jet in eu channel, measurement combined with l+track

220 A -

2 60 DQ preliminary, 1.05 fb™ CDF Run Il preliminary (1.2 fb™)
S | . 200~ 77 candidates —e— Data
= Data B3 Bkgd + 1o uncertainty
“q_) - B 180 16ee, 26up, I5eu [ ]i(c=67pb)
o - [z (BG ~25.6) ] wwwz
e [] Diboson [ ov
é 40_ Bl Fake [ fake
= | DIL: 73 candidates
= | 16ee, 9uu, 32ep,

20J6eu+1jet (BG ~23.5)

2 3

Number of jets HT>200 + OS

>2 jet

Oy = 6.2 £ 1.1 (stat)
* 0.7 (syst) £ 0.4 (lumi) pb

Oy = 6.2 £ 0.9 (stat)

* 0.8 (syst) £ 0.4 (lumi) pb
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w Lepton+jets cross section =~

Signature: high-PT isolated e OR u, missing E,

o D@: > 3 jets, separate events depending on # of b-tagged jets (displaced
vertex), measure simultaneously with R = BR(t->Wb)/ BR(t->WQq)
o CDF: > 3 jets, > 1 b-tagged jet , 2 p; > 250 GeV
__ DG Runll Preliminary L=0.9 fb" CDF Run Il Preliminary (1.12 fb'1) . Data
g | ! iy Wy men
10 I Frow i
- g [ Non-w
- & 500 | T I wecharm
i !._«., [] w+Bottom
8 g 5oo .................................................................................... _
L [ L
3 400 B _
" 95% C.L.
6_ 68% C_L_ 200 ............................................... _
o 09 1 s |12.2 ! : | ’ NumberiiJets

Oy = 8.1 £ 0.9 (stat+syst) £ 0.5 (lumi) pb Oy = 8.5 £ 0.5 (stat)
R>0.812 @ 95% CL * 0.8 (syst) £ 0.5 (lumi) pb
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Top mass relation to Higgs

@ Top quark mass is a

fundamental parameter of —
SM 1 —LEP1, SLD data

LEP2 (prel.), pp data
68% CL

Radiative corrections to SM
predictions dominated by
top mass

o Together with W mass
places a constraint on Higgs
mass
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Top Mass Measurement

= \“ 49% @ Kinematic reconstruction

% bottog auark o Use invariant mass constraints
=

anti-dojygl quark 3 B

------------ e N ‘ m(jj) = my, m(fv) = my, m(tob) = m(jjb)

7 b MZ’ e o Match the jet to the correct parton
-%

> &

anti-tops ) ] o Extra jets spoil the picture
quark % W . .
A @ Energy Scale Calibration

bottom quark % ( o Reconstruction of the measured jet

energies to the parton level
@ Sophisticated Analysis Techniques
o Kinematic fits, Matrix Elements, etc
@ Jet Energy Calibration in situ
o Simultaneous fit to invariant mass of
W->jj
e An internal constraint on the error of
the jet energy scale
Reduces systematic uncertainty

FSR jet
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¥ 1 Best Top Mass Results in

Lepton+jets channel

o

3 3 3 — 2
o Exceeding original Run I R Mg, =171.6+2.1(GeVic)
expectations because of in-situ jet £ - Tanee
energy scale calibration SIS T S S AlnL=45
0.50 % ot R—
Calibrated 2D Likelihood Coo N ( T,
DO Runll Preliminary of \\\
05"
£ I e
N CDF Run Il Preliminary (1.7 fb') i
166 168 170 172 174 176
Mmp (GeVic")
(P A
A %‘
E V%

8 /
6F /C/ w1
7 / \
LI L LU LU UL LU L L UL 2 ,/%/////////;'/d'n rrrers
150 155 160 165 170 175 180 185 L I R S
M, (GeV) My (GVIE)

M, = 170.5 £ 2.4 (stat+JES) My, = 171.6 £ 2.1 (stat+JES)

* 1.2 (syst) GeV + 1.1 (syst) GeV
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DO Runll .- preliminary Summer 2007

I+jets (matrix element, b-tagged) * o 170.5 24 1.2 GeV
910 pb™

I+jets (matrix element, topological) * HoH 170.5 25 +14 GeV
910 pb™'

I+jets (ideogram, b-tagged, topo) —o—i 173.7 ::: 3; GeV
420 pb™" (Phys. Rev. D)

I+jets (matrix element, b-tagged) o 170.3 3; ji GeV
370 pb™' (Phys. Rev. D)

|+jets (matrix element, topological) —e— 169.2 rgg ﬂ: GeV
370 pb™' (Phys. Rev. D)

Il (neutrino weighting, topo) NEW * H—o—H 172.5 158 135 GeV
1050 pb™'

Il (matrix weighting, topo) NEW * +—e—H 175.2 6.1 3.4 GeV
1050 pb™'

Il combination (nu and matrixy NEW * H—o—H 173.7 154 34 GeV
1050 pb~'

Il combination (neutrino and matrix) H—e—H 178.1 167 48 GeV
370 pb™" (Phys. Lett. B)

I+jets & Il combination (August 2007) HOH 1721 15 +1.9GeV
17

World average (march 2007) [ 170.9 11 +15GeV

1 1 I 1 1 1 I 1 ol 1 I il 1 1 I 1 1
140 160 180 200

HS'07, 3-7 Sep 2007

Top Quark Mass [GeV]

T EEEE———————

n

|Wi|/Z|Wi| in Tevatron Combinatiol

0'40 DO Run Il lepton+jets

CDF Run ll lepton+jets

AM/M ~ 1.1%

0.15

CDF Run Il all-jets

0.10
0.05

DO Run Il dilepton

DO Run | dilepton
COF Run | dilepton
CDF Run l all-jets

CDF Run | lepton+jets
CDF Run Il Lxy

0.00

Analysis

@ Start addressing
effects, too
small to have an
impact in first
measurements
Reconsider what
theoretical
aspects are
relevant at 1
GeV level

Andrew lvanov, UC Davis

Mass of the Top Quark from CDF (*Preliminary)

) L 4
o 167.4+10.3+ 4.9
*
i 176.1+ 5.1+ 5.3
@

il 186.0+10.0 + 5.7
‘Dilepton: Template tt p, 52

o il 169.1+ 52 + 3.1
"Dilepton: Template 1t p, with xsec. 1707+ %2 + 3.6

(1200 pb ) Tx35+3.
Diepton: femplate leptonPr 156+ 20+ 5
‘Dilepton ht 50

(180006 172.0+ 52 + 3.6
Ofiepton: isist: Elomery 170.4 + 3.1+ 3.0
Laptonsyts: M sW- 171.6 £ 2.1+ 1.1
y - paoe o
A et W= B 1711+ 2.8+ 3.2
"All-Jets; M2 o

ey 1745+ 22+ 4.8
‘CDE Mar N7 -...-
103096 | 1705+ 1.3+ 1.8
" (CoF 200 Rum fo 170.9+ 1.1+ 1.5

(stat) & (syst)
¢“Idof = 5.5/6 (51%)
| 1 1 L |
150 160 170 180 190 200
M. (Gevic’
30




Indirect bounds on the Higgs

@ Latest measurements of top mass push the most likely value of the
Higgs boson deeper into the excluded region

My it = 144 GeV

—
: 1 —LEP1 and SLD
— 0.02758+0.00035 [ 5 -~ LEP2 and Tevatron (prel.)

-+ 0.02749+0.00012 Jff ¢ i 1 68%CL
*» incl. low Q° data 3

Preliminary

300

Mpiggs = 76 .5 * 54 GeV
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Mass Measurements Prospects

Both for M, and M., Tevatron has done better than predicted

o Expect to get down to < 1 % uncertainty on top mass for CDF alone and
~1.0-1.2 GeV for CDF+D@ combined

@ By the end of Run Il W boson mass expected to be known with 20-25
MeV precision (0.02%)

J T T T T L I T T |l LI B A | I T T T T L L
_ B D@Run1ae) Single Experiment Sensitivity -
250 - CDF Top Mass Uncertainty
L - (l+l and l+] channels combinad)
~ F - 10 1
E 200{— — "& ] 1’ 2o’ 4fb’ 8o’
T C CDF Run 1a (e+y) "W % R R
§ RN
] L - —
E 150_— - E s
e - o ¥ CDF Results T My
— o I-"-.‘_ = '??.:.'_-,
g 100 D@ Run 1 (e) — ﬁ 1 % Run lla goal (TOR 1996)
3 - CDF Run 1 (ety) - 1 —— scale atstaty /T, Fix aisyst)
" - - (assumes no improvemants)
- — SPTO - Scale Aftotal) / NL
» CDF Run 2 (e+p l . i
C 10 MeV syst limit Prelimina(ry” ---------------------- Mo L
ol | T ] Ll | L Ll 102 103 104
10 10° 10’ 10

: : -1
Integrated Luminosity ~(/pb) Integrated Luminosity (pb )
—
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Top Properties

decay kinematics Cross section
t'—Wq search resonance production

T—tAy search Arg

@ Tevatron performs
very rich top
physics program
Many top properties
measurements just
beginning to have
sensitivity
Lots about top still
to understand! | /

singletop,Vy, { W helicity

/ / spin correlation
top mass ¢ |
width/lifetime  Pranching ratios

top charge FCNC _
t—=H*b, ty
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G. L. Kane and S. Mrenna
o Test of pQCD PRL 77: 3502-3505 (1996)

@ May reveal existence of unknown tt production and top quark decay
mechanisms (top quark from gluino decays , and decays to stops)

-

Feldman Cousins
[es%cCL
[]95%CL.

— Best Value

-
4]

22r
20

w©

— W40 et - CDFRunll (Prel:zinarn
+0 j E o
—— W+1 ;2t £ Luminosity 955 p /

—=— W42 jet 18¢

[] CDF data

-t
Lom

—— Fit result

True GG Fraction
(=] (=] (=]
o

%_ - » .8 | Measured Value = -0.075
. . . = g = | Limit at 68% CL: <0.33
§ 130 o 332: 18(:)0_110200%2\77 § :25 — No-gluon TE | Limit at 95% CL: < 0.61
o | —= Dijet 120-140 GeV __ - ) E —— Gluon-rich Y A —
"'6 E _._ - E 10 CDF Run Il Preliminary 0'5;_ / ,/ , /
/\== 11j 'g 8 Ldt=1fb" 0.4:— y ‘ / /
= | __.-~"" CDF Run Il Preliminary S e EL/ /
V1ol T ILdtz1 o = a4 03¢ A ,
nz..|....|..”|....|.... 2 ozgl / /
T o 0.5 1 1.5 2 QB Lo BT :
5 10 15 20 25 30 35 40 45 0.4
<Ng> of the sample Number of low p; tracks 0L ; / ; i i : / Lo L1
. 04 02 0 02 04 06 08 1 12 14
@ | Make use of <Ntrk> (low-PT) vs <Ng> correlation Fitted GG Fraction
o | Calibrate in W+jets and dijet data @ gg (qq-bar) tt-bar events tend to be
@ | Fit W+jets b-tagged data to gluon-rich (dijet 80-100 GeV) produced with unlike (like) spin.
and no gluon (W+0jet) components @ Use ANN to discriminate between both tt

states and backgrounds

o(gg->tt)/o(pp->tt) =0.07

+ 0.14(stat) £ 0.07(syst) 0(gg->tt)/o(pp->tt) < 0.61

@ 95%CL

HS'07, 3-7 Sep 2007 Andrew lvanov, UC Davis 34



Search for Resonant

Top Pair Production

Resonant top pair production could arise of massive Z-like bosons
(Topcolor-Assisted Technicolor)  Hill, PRL B345, 483 (1995)

@ No evidence for resonance observed
@ Limits on masses of various exotic particles being set

\Total Invariant Mass of the tt System |
. D@ Run Il Preliminary o TOF ,
= C -& 197.0d c ~ imi = )
£ 351 L =0.9fb" 084 zormerso s CDF Run Il Preliminary, L=955 pb
S - [ 14856 tlljet I.I>.I 60— —s— Data
- I B 559 1l - B )
o 30— 0.122Z [e) [ SMtt
o r 0.31 WZ » 30
s L 1.00 WW o non-top Background
# 25 [0 2.351hg Ko
B 0 1.09tb £ 40
C 358 Z+jets =]
20— [ 9.20 Wob z
- 771 5.01 Wee 30
C [ 3.90 Wip
15— I 6.27 Multijet
- 20
10—
- 10
r k i b .*: L LD T P HiH
300 1000 1200 gll 1000 1100 1%00
| [GeV] Mti [Gevic
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Forward-backward charge asymmetry AT\

in top pair production

J.Kiihn et al.
@ NLO calculations predict forward-backward asymmetry of 4-6% PRI‘Jl 81, 49 (1998),
@ Asymmetry arises from interference between contributions PRD 59, 054017 (1999)

symmetric and antisymmetric under the exchange: top -> anti-top
@ Top pairs in lepton + > 4 jets channel are fully reconstructed

@ Make use of Lorentz-invariant rapidity difference of top and anti-top times the
lepton charge: Ay.Q, variable

_ 1 @ Numbers of events measured CDF Il Preliminary L=1.7f"

25k o 0 Run I Prellminary, 09 o in two bins: positive and 2 | - COF Daia

: negative values of Ay.Q £ Lo + mi
. © 100- i

@ CDF: The asymmetry value is e

background subtracted and o

B W+bb

corrected for smearing _
effects of ttbar pair 50
reconstruction with the
o inversion of 2x2 matrix
Ath

A ; [DD] = 12 % 8(stat) * 1(syst) %
(not corrected for acceptance
and reconstruction effects)

A ; [CDF] = 28 *13(stat) £5(syst) %
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Number of PEs

450
400
350
300
250
200
150
100

Y T T Y T T Y T T T T

Mean: 250 572 1421
RMS: 655 691 817

TP 1.5 GeV 5.0 GeV15.0 GeV30.0 GeV50.0 GeV

0 20 40 60

Combined Likelihood: 1-tag + 2-tag events

CDF Run Il Preliminary (1 fb™)

HS'

(4 L TR | !
20 0 20 40 60 80 _ 100
It =.4.86 GeV It (Gev)

top top

07, 3-7 Sep 2007

o e 2-tag Reconstructed Top Mass (GeV/c?)
. “530 C CDF Run Il Preliminary (1 fb™)
2767 3852 3 %25
E [Chae S
10.09 11.06 3 w o
1 Fo
E & |
< @ e
= “oF [ Data (82 evts)
CDF Run Il Preliminary (1 fb“)—i Signal + Bkgd
Mm=175 GeV/c’ —i 5:_ 1] Bkgd only
s T
If tp (GQW 100 150 21%gp=-7?45%ev %00 I:{s°2° (Ge‘tggz)
@ Compare top mass distributions to
Monte Carlo with various input width
@ Use Feldman-Cousins prescriptions for

setting the limit

First direct measurement
of top width in Run2

I,<12.7 @ 95% CL
(for Mt = 175 GeV)
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Top Charge

@ s the top the SM particle with Q=+2/3 or an exotic quark Q=-4/3?  D. Changet al.
PRD 59, 091503

@ Select and fully reconstruct top events in lepton+jets (2 b-tagged jets) and dilepton
channel (>1 tagged jet)

@ Determine: the signal purity

= flavor of b-jet @ Calibrated in a data
-  charge of W (lepton) sample of di-jet events

>  pairing between W and b (2 fit and M)

@ Optimized to increase

CDF Run Il preliminary L=1.5 fb"

CDF Run Il preliminary L=1.5 b

£ 3
CDF Run Il preliminary, L=1.5 fo" E "““j g
: g“m;— 8
. : . § vl xw m 2
SM like —— XM like 2 ol
2 10000 95% C.L.
C E so00f-- 90% C.L
40:— ' eooo? o
- E l b kgS = :— 68.28% C.L.
30 :_ i D+2’3 Q sz— Most Likely
- : = data =35 0 G 15 0ot A T
20 | : f+ 0 0.2 0.4 06 0.8 1.2 14 1.6 1.8 2
[ D | f+ Measured
10 E |
P == XNereiaded f, >0.4 @ 95%CL
4 08 06 04 02 0 02 04 06 08 1 with CL = 87%
W charge * Jet charge
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W Helicity

Test o t gV- structure of tWb vertex: it‘y“(l-yS)lf,bbWM
@ | SM prediction: 22
o f ~30% -left-handed; f, ~ 70% - longitudinal; f, ~ 0.036%
- right-handed
@ CDF: lepton+> 4 jets (> 1 tag ) events
o Two techniques: different event reconstruction and b-
tagging algorithm
@ D@:. add di-lepton channel, no b-tagging
@ | Measure angular distribution of charged lepton wrt top in 1D: (fixed f, or f, )

W rest frame: cosO* f, = 0.65 0.10(stat) * 0.06(syst)
o | Fit helicity fractions with unbinned likelihood f. <0.12@95%CL

CDF |l preliminary<

@ " 08 o, ,
s L (a) -@- D2 data, 1 b T 25 (b) "¢~ D2 data, 1 f5 E / s,
S anl — vy | S D@ Run Il Preliminary — fi= Il (V-A) 07Es Excluded 3957, C
o 30:— DO Run Il Preliminary iﬂq iets (v+a) | W o0 s I (V4A) 0.6F- //
background =
i background 0.5 E
201 = g
.

0.25 03

1D: (fixed f;) 1D: (fixed f, or f, )
f, = 0.017 + 0.048(stat) * 0.047(syst) f, = 0.57 £ 0.11(stat) £ 0.04(syst)
HS'07, 3-7 Sep f. <0.14 @ 95%CL UC Davis f, <0.07 @ 95%CL
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Search for FCNC t->Zq

FCNC are rare in the Standard Model
@ Within the SM:
o BR(t->Zq) = O(10°14)
@ Beyond the SM predicted can be up
to 0(10?) Mass %2 (95% C.L. Upper Limit)

o Signature: tt-> ZqWb->llqqgb .
o Dominant background: Z+jets e | Total Background
= Total Syst. Uncertainties

o Blind searchinZ + > 4 jets — i Cut
channel 15 Tagged Anti-Tagged

Selection Selection
@ Use 2 signal regions to increase
sensitivity: 1 loose tag and
anti-tag

o Use 2 from the kinematic fit
@ New limit surpasses the LEP
limit
Ve
BR(t->Zq) < 10.6%
@ 95%CL

pas O Data
CDF II Preliminary [] FECNC Signal (10.6%)

1€8

Entr
)
S
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Conclusions

& Tevatron experiments have in hands 2 fb-! of data and produce plenty
of physics results

@& Aiming for 6-8 fb-! of data by 2009 with two well understood detectors
and continuously improving accelerator performance

@& Tests of the Standard Model are performed at the level of precision,
which meets or surpasses that of LEP

@& Valuable constraints within SM e.g. PDFs, NNLO QCD will come with final
datasets

& Fed into Top/W Mass measurement improvements - Constraints on Higgs
Mass

& Top Mass Precision = 1.1% => ~ 0.7% by the end of Run I
@ W Mass Precision = 0.04% => ~ 0.02% by the end of Run Il

@ The Higgs boson hunt is under way
& New Physics might be around the corner!
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